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Figure 1. Study Timeline.
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evenly distributed across the groups. The fabella total volume and
apparent density was higher in the medial side in the DMM surgery
group compared to contralateral and sham, with no difference found in
the lateral fabella measurements (Figures 2&3).
Conclusions: Our results show that DMM surgery induced signs of
osteoarthritis in the medial compartment of the knee including
increased calciﬁcation of both the anterior meniscus and fabella, in
contrast to contralateral and sham joints. Interestingly, integrin a1b1
had no effect on the progression of PTOA despite its protective effect
against spontaneous OA. We also show that treatment with erlotinib
exacerbates PTOA especially in wildtype mice. This contrasts studies of
spontaneous OA in Mig-6-null mice which develop severe disease.
Together these results may suggest that the biological processes
underlying PTOA and spontaneous OA, and the involvement of integrin
a1b1 and EGFR signalling, are different.While in spontaneous OA loss of
integrin a1b1 and activation of EGFR accelerate the disease, in PTOA
inhibition of EGF receptor activation seems to play a deleterious effects,
particularly in mice expressing the collagen receptor integrin a1b1. This
may be due to the dramatic mechanical and inﬂammatory changes in
the knee following DMM that are not present in spontaneous disease.
Histological and immunohistochemical analysis of these knees are
needed in order to evaluate the degree of inﬂammation between the
two groups of mice and the effectiveness of erlotinib in altering EGFR
signalling in PTOA.
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THE EFFECT OF CONDITIONAL MACROPHAGE DEPLETION ON
DEVELOPMENT OF INJURY-INDUCED KNEE OA IN OBESE
TRANSGENIC MAFIA MICE
C.-L. Wu, J. McNeill, K. Goon, D. Little, K. Kimmerling, J. Huebner,
V. Kraus, F. Guilak. Med. Ctr., Duke Univ., Durham, NC, USA
Purpose: Obesity is a primary risk factor for osteoarthritis (OA), and
macrophages (MFs) have been recognized for their key role in obesity-
associated inﬂammation as well as post-traumatic OA, including
degenerative bone changes such as osteophyte formation. A recent study
has shown that MF depletion improves the metabolic proﬁle of obese
mice, suggesting a role for MFs in systemic inﬂammation. However, the
functionality ofMFs in regulating the effect of obesity on injury-induced
OA is unknown.We hypothesized that conditional geneticMF depletion
would mitigate OA degeneration following injury in obese mice.
Methods:Male Macrophage Fas-Induced Apoptosis (MAFIA) transgenic
mice were purchased from Jackson Lab and started a high-fat diet (60%
kcal fat) at 4 weeks of age (Fig 1). MFs in MAFIA mice are GFPþ and can
be driven into an apoptotic pathway through the administration of a
non-toxic reagent (AP20187). At 13 weeks of age, all mice underwent
surgery to destabilize the medial meniscus (DMM) to induce knee OA in
the left hind limb. Immediately after surgery, mice were treated via a
retro-orbital route with either AP20187 (10 mg/kg) to systemically
deplete MF or vehicle solution. At one week post-surgery, mice
received a second depletion or vehicle as appropriate. To determine the
effect of MF depletion on acute joint inﬂammation, mice (n ¼ 5/group)
were sacriﬁced the day after the second depletion. To evaluate the
effects of MF depletion on OA development, mice (n ¼ 12/group) were
sacriﬁced at 22 weeks of age. Spleen and joint capsules were harvested
to determine the extent of MF depletion by detecting GFPþ cells using
ﬂow cytometry. Joint bone changes, OA severity, and synovitis were
determined by microCT and histological analyses. Immunohistochem-
istry (IHC) was used to identify CD3þ T cells, CD22þ B cells, and neu-
trophils in the joint.
Results: Obese mice signiﬁcantly lost weight after MF depletion but
gradually recovered to a similar weight as controls in 4 weeks (Fig 2A).
Flow cytometry showed that depleted mice had signiﬁcantly lower MF
numbers in both spleen and the DMM-operated joints relative to non-
depleted mice (Fig 2B). We also observed that MFs were repopulated at
9 weeks post-depletion in the DMM joint. Decreased MFs in the DMM
jointwas further conﬁrmed by F4/80 IHC staining (Fig 2C).MicroCT, used
to evaluate joint bone changes, showed that MF depletion signiﬁcantly
decreased osteophyte severity and bone mineral density (BMD) in the
femoral condyle and tibial epiphysis at the time of depletion (Fig 3 A-C),
consistent with previous studies showing that MF depletion using
clodronate decreased osteophyte formation in lean mice. However, MF
depletion in obese mice did not mitigate OA severity at any time points
studied; rather, it increased joint synovitis at 9 weeks post-depletion(Fig 4 A-B). Given that the number of MFs was lower in the synovium of
the depleted joint, this result implies a potential protective role for MFs,
and that cells other than MFs may inﬁltrate DMM operated-joints,
leading to more severe synovitis. IHC indicated that mice with MF
depletion had signiﬁcantly more T cells and neutrophils, but not B cells,
in the operated-joint compared to non-depleted mice (Fig 5 A-B). This
result suggests that despite their recognized pro-inﬂammatory role,
MFs may be vital in regulating the homeostasis of immune cells in joint
following injury. Future studies will be needed to distinguish the role of
different MF subtypes (i.e., M1 or M2).
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depletion in obese MAFIA mice did not mitigate cartilage degradation
after joint injury; instead, it enhanced joint synovitis by increasing
inﬁltration of CD3þ T cells and neutrophils into the operated joint. Our
study is signiﬁcant for elucidating the immunomodulatory activity of
MFs in inﬂammation and joint injury in obesity.
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MECHANICALLY AIDED TRANSPORT OF ANTIBODIES THROUGH
ARTICULAR CARTILAGE
C. DiDomenico, Z. Wang, L. Bonassar. Cornell Univ., Ithaca, NY, USA
Purpose: Recently, signiﬁcant advances in the clinical treatment of
rheumatoid arthritis (RA) have been made using therapeutic antibodies
that target and inhibit tumor necrosis factor alpha (TNF-a) found in the
synovium of the joint. Additionally, TNF-a is also known to play a critical
role in the progression of osteoarthritis (OA); however, TNF-a blocking
antibodies are not currently used for OA therapy. Besides total joint
replacement, there is no long-term effective treatment for OA. In con-
trast to RA, in which synovial inﬂammation is easily targeted by intra-
venous injection of therapeutics, TNF-a activity in OA occurs primarily
within articular cartilage. Because of the high density of the cartilage
extracellular matrix, it is not clear whether large proteins, like anti-
bodies, will be able to sufﬁciently penetrate the cartilage tissue on a
time scale that is clinically relevant. Previously, mechanical stimulationof cartilage tissue has been shown to aid in the penetration of proteins
(< 66 kDa) such as growth factors, but this effect has not been char-
acterized for antibodies (> 100 kDa). The objective of this study is to
characterize the effect of physiologically relevant mechanical loading
on the transport of antibodies through cartilage.
Methods: For each experiment, cylindrical articular cartilage plugs (4
mm diameter, 1.15 mm thick) were extracted from 1-3 day old bovids
and randomly assigned to loaded and unloaded groups. Fluorescently
labeled antibodies (MW: 150 kDa) in PBS were added to each group-
speciﬁc well plates while only PBS were added to negative controls. By
compressing each sample 15% with an impermeable platen array, only
the outside cylindrical (radial) surface was exposed to the antibody
solution (Figure 1 inset). Each group is then placed into a 37C incubator
where only the loaded group undergo unconﬁned cyclic axial com-
pressionwith a custom-built, displacement-controlled compressor. The
transducer then applies a set dynamic strain to the loaded samples via
the platen array for 3 hours at a set frequency. After loading, all plugs
were bisected axially and the cut surface was viewed using confocal
microscopy to characterize antibody penetration from the radial edges
of the cut surface towards the center (Figure 1 inset). Average ﬂuo-
rescence intensity proﬁles, from each radial edge of the cut surface to
the center, were ﬁtted to a 1D diffusion model derived from Fick's 2nd
law to obtain an average effective diffusivity for each sample (Figure 1).
The diffusivities of loaded samples were then normalized to the average
diffusivity of the unloaded samples for each experiment. These
“transport enhancement ratios” were then analyzed across several
loading amplitudes applied a 1 Hz (Figure 2).
Results: Experiments showed that cyclic compression enhances
transport of antibodies into articular cartilage. The 1D diffusion model
accurately described the ﬂuorescence proﬁles of both the unloaded and
loaded samples (coefﬁcient of variation between 5-20% and R2 between
0.980 and 0.995). For the unloaded samples, diffusivities ranged from
2.8 to 6.0 10-8 cm2/s, while loaded diffusivities ranged from 6.8 to 15.4
 10-8 cm2/s. The convective enhancement ratios obtained ranged from
1.20 for the 0.25% strain (N.S. compared to an enhancement ratio of 1,
i.e., no enhancement), 1.47 for 1.3% strain (p < 0.01), 1.80 for 2.5% strain
(p < 0.001), and 2.61 for 5% strain (p < 0.001) (Figure 2). Further, for this
range in dynamic strain amplitude there was linear trend of increasing
effective diffusivity with strain amplitude (r2 ¼ 0.98, p < 0.005).
Conclusions: Overall, despite the small pore size of cartilage and the
high MW of the antibody used, mechanical loading enhanced antibody
transport to a large degree. More research will have to be done to
determine how well antibodies diffuse across the articular surface and
how other antibodies affect transport in more mature cartilage tissue.
Given these results, there is promise that antibody therapy for OA could
be enhanced by an exercise regimen or physical therapy, mimicking
physiological loading conditions from these experiments. To our
knowledge, this is the ﬁrst study to test how mechanical stimulation
affects the diffusion of antibodies in cartilage and suggest further study
into how more efﬁcient antibody therapy for OA can be developed.
Figure 1. Normalized ﬂuorescent intensity vs. radial depth for a 5%
dynamic strain loaded sample (blue) and unloaded (red) sample to which
ID diffusion models were ﬁt (solid lines). (Inset): Experimental setup of an
individual well and an example of a confocal radial antibody proﬁle.
